Abstract. Pancreatic cancer is one of the most lethal malignancies. Exosomes, which are released by multiple cell types, such as cancer cells, contain functional biomolecules (including proteins, nucleic acids and lipids) that can be horizontally delivered to recipient cells. Exosomes act as the most prominent mediator of intercellular communication and can regulate, instruct and re-educate their surrounding microenvironment and target specific organs. The present review performed an extensive search of multiple databases from 2005 to April 23 2017, for eligible literature relating to exosomes and their role in pancreatic cancer. With a focus on the latest findings for pancreatic cancer exosomes, their role in tumorigenesis was summarized, as well as their aggressive behaviors and their contribution to immunosuppression and therapy resistance in pancreatic cancer. In addition, the potential function of exosomes as novel diagnostic biomarkers is briefly discussed. Finally, we propose potential clinical applications for exosomes in pancreatic cancer. 
Introduction
Pancreatic cancer is recognized as a highly malignant and incurable disease worldwide. In 2016, an estimated 53,070 new cases were diagnosed and 41,780 people eventually died from pancreatic cancer, making it the fourth leading cause of cancer deaths in the USA. Although the survival rate has increased for most cancers, improvements have been marginal for patients with pancreatic cancer; the 5-year relative survival is merely 8% (1) . The dismal prognosis for pancreatic cancer is attributed to multiple factors, such as the advanced stage of initial detection, the high risk for distant metastasis, and a subpar response to conventional therapies. Sequencing the genomes of pancreatic cancers indicated 12 important signaling pathways that do not promote distant metastasis until nearly 20 years after the initial mutation occurred. This evidence has offered a time frame for pancreatic carcinogenesis, suggesting that a large window of opportunity may exist for early detection, which could improve the prognosis of this lethal disease (2, 3) . Thus, further studies are required into the molecular pathology that orchestrates the process of pancreatic tumorigenesis, in order to improve personalized diagnostics and therapeutic regimens.
Exosomes, which are secreted by multiple cell types and by cancer cells, contain functional biomolecules (including proteins, nucleic acids and lipids) that can be horizontally delivered to recipient cells. They are distinguished from apoptotic bodies and microvesicles by their heterogeneous size, origin and composition (4, 5) . Exosomes (30-150 nm in diameter) are extracellular vesicles generated by the inward budding of the membrane (endocytosis), which leads to the subsequent formation of multivesicular bodies and their release by exocytosis. Thus, on their membranes, exosomes express a variety of markers of multivesicular bodies, such as tetraspanins. Ectosomes (0.1-2 µm in diameter) are formed by outward blebbing from the plasma membrane and are subsequently released by proteolytic cleavage from the cell surface, thus expressing antigens of the origin cell. Apoptotic bodies (1-4 µm in diameter) are generated upon apoptotic cell death (6,7).
Exosomes are the most prominent mediators of intercellular communications that regulate, instruct, and re-educate their surrounding microenvironment and target organs (8, 9) . The interaction between exosomes and recipient cells is mediated by the membrane proteins of exosomes, such as the phosphatidylserine and proteoglycan receptors (9, 10) . Additionally, the presence of particular tetraspanins or integrins on the exosomal membrane is likely to play a vital role in selectively acting on their target cells or organs (11, 12) . Exosome-associated diagnosis and follow-up has been extensively promoted due to the easy isolation and identification of exosomes in body fluids, especially the peripheral blood (13) . Furthermore, Li et al (14) identified >1,000 circular RNAs (circRNAs) in human plasmatic exosomes. Their study indicated the potential of circRNAs as a novel exosome-associated tumor biomarker and discussed the molecular functions of exosomal circRNAs.
Components and functions of exosomes
A systematic search of ExoCarta (http://www.exocarta.org/), EVpedia (http://student4.postech.ac.kr/evpedia2_xe/xe/) and Vesiclepedia (http://microvesicles.org/index.html#) was performed to select the most important components of exosomes. The top five most common identified exosomal proteins were CD9, heat shock protein family A member 8 (HSPA8), programmed cell death 6 interacting protein (PDCD6IP), glyceraldehyde-3-phosphate dehydrogenase (GADPH), and actin β (ACTB); the majority of these are known to be implicated in the biogenesis, sorting and release of exosomes. The simple structure and components of exosomes are summarized in Fig. 1 .
Lipids. Exosomes consist of a lipid bilayer, and transmembrane proteins have crucial roles in the development of a mosaic model. Lipids exert a vital function in maintaining the rigidity and stability of the exosomal membrane, as well as in the processes of fusion and budding. Exosomal RNA is well-protected in exosomes due to the integrity of the membrane (15) . In particular, exosomal membranes have abundant phosphatidylserine, monosialodihexosylganglioside cholesterol and sphingomyelin (16) . Exosomal lipids can carry other lipids with biological activities, as well as second messengers, such as phosphatidic acid, ceramides and diglycerides, that are implicated in exosome biogenesis. Beloribi et al (17) demonstrated that exosomal lipids initiated apoptosis in human pancreatic carcinoma SOJ-6 cells by inhibiting the Notch-1 pathway. Exosomal lipids also led to drug resistance in human pancreatic cancer MiaPaCa-2 cells via the C-X-C motif chemokine receptor 4 (CXCR4)/stromal cell derived factor (SDF)-1α signaling axis, which implied that exosomal lipids might function in the progression and drug resistance of pancreatic cancer (18) . At present, there is only one study on prostate cancer that indicates that exosomal lipids have the potential to serve as cancer biomarkers (19) . It is possible that progress in lipidomics will aid in the improved understanding of the biological mechanisms of exosomal formation, sorting and release under physiological and pathological conditions.
Proteins. Several studies on exosomes from multiple organs/cell types and cell lines, under physiological and pathophysiological conditions, have demonstrated the enrichment of proteins in exosomes (20) (21) (22) . Exosomal proteins differ vastly by the type and state of the cell the exosomes were derived from, suggesting that they may be ideal candidates for cancer biomarkers. To date, >7,000 proteins have been identified through significant technical improvements in mass spectrometry. Proteomic analysis of exosomes from multiple tissues indicate that exosomes are comprised of some common vesicular proteins, such as tetraspanins [CD9, CD82, CD81, CD63, CD151 and tetraspanin 8 (Tspan8)], which are constituent components of exosomes (23, 24) . The tetraspanins CD151 and Tspan8 are exosome components that are critical for the interactions between tumor-initiating cells and the tumor microenvironment (25) . Cytoplasmic and plasma membrane proteins are more commonly released into exosomes than mitochondrial and nuclear proteins, which indicates that membrane proteins have great potential to be candidates for protein markers (26, 27) .
Exosomes also contain cell type-specific proteins, which are particularly useful for the identification of specific surface biomarkers. Most of the cell type-specific surface biomarkers have been validated as cancer and cancer stem cell-associated markers. Among them, melanoma tumor exosomes express the tumor-related protein melanoma antigen recognized by T cells 1 (MART1), while epithelial cell-originated tumor exosomes express the epithelial cell adhesion molecule (EpCAM) (27, 28) . Glioblastoma tumor exosomes express epidermal growth factor receptor (EGFR) variant III (29) and the tumor exosomes of docetaxel-resistant prostate cancer cells express the multidrug resistance gene 1 (MDR-1) (30) .
Furthermore, it has been proposed that mutations in >1% of the human genome are correlated with carcinogenesis; mutant proteins, such as mutant KRAS, the oncoprotein MET and tissue factor proteins that uniquely appear in pathological cells, have been validated to be released via exosomes (31) (32) (33) . EGFR is secreted by five pancreatic cancer cell lines in exosomes as two distinct EGFR forms. The identification of EGFR as a plasma biomarker and a personalized therapeutic is promising in pancreatic cancer (34) .
Nucleic acids. Exosomes also contain microRNA (miRNAs), tRNA, rRNA mRNA, DNA, and the recently identified circRNA (14, (35) (36) (37) . Exosomes interact with their target cells mainly via membrane fusion and transfer of exosomal contents. miRNAs could deliver biological information that regulates the function of target cells. miRNAs are 19-25 nt long non-coding RNAs that repress the stability and translation of mRNAs, controlling genes implicated in many cellular processes. They have important roles in the mediation of nearly all signaling pathways within a cell, and their dysfunction is associated with the initiation, progression and metastasis of cancer, including pancreatic cancer (38) (39) (40) . Furthermore, miRNA-155 was validated to control exosome synthesis and to promote gemcitabine resistance in pancreatic cancer. Targeting therapy to miR-155 or exosome secretion effectively attenuated tumor chemoresistance, representing a novel therapeutic target for gemcitabine treatment in pancreatic cancer (41) . In pancreatic cancer, Zinc finger E-box-binding homeobox (ZEB)1 and ZEB2 are important mediators of the epithelial-to-mesenchymal transition and maintain stemness by suppressing the miR-200 family, thereby promoting migration (42). Manier et al (43) identified miRNAs as the most prominent small RNAs present in exosomes isolated from the serum of multiple myeloma patients and healthy controls by using small RNA sequencing on circulating exosomes. Two of these miRNAs, namely, let-7b and miR-18a, were significantly associated with both progression-free survival and overall survival in a univariate analysis. These findings support the use of circulating exosomal miRNAs to improve the identification of patients with newly diagnosed multiple myeloma with poor prognosis. The presence of miRNAs in numerous body fluids, especially serum, correlates with the recovery of solid cancers and hematologic malignancies and may be valuable for the early diagnosis of multiple types of cancer, potentially offering superior performance over conventional methods for cancer diagnosis (44, 45) .
Representing a novel type of endogenous non-coding RNAs, circRNAs have gained attention recently for their involvement in multiple biological processes. CircRNAs are ubiquitously expressed in eukaryotic cells and modulate gene expression by acting as sponges of miRNAs or proteins, such as RNA-binding proteins (RBPs) (46, 47) . Li et al (14) demonstrated that circRNA is enriched and stable in exosomes, identified up to 1,000 serum exosomal circRNAs, and discriminated between patients with colon cancer and healthy controls; expression patterns of circ-KLDHC10 were dramatically enhanced in serum from cancer patients. Their finding that serum exosomal circRNAs could discriminate patients with cancer from normal controls suggests exosomal circRNAs have great translational potential as a circulating biomarker for the early detection of cancer.
Recently, lncRNAs were demonstrated to exist in exosomes, and they could function as potential stable biomarkers for cancer patients. Li et al (48) have found that plasma Long intergenic non-protein-coding RNA 152 (LINC00152) in exosomes was a potential biomarker and highly stable in patients with gastric cancer. A similar result revealed that the exosomal transfer of the lncRNA mediator of reprogramming (linc-RoR) may be involved in hepatocellular carcinoma progression and treatment failure (49) . These findings demonstrate that the components of serum-derived exosomes can be utilized to predict, treat and evaluate therapy resistance for many cancers.
The role of exosomes in the pathogenesis of pancreatic cancer
Exosomes engage in tumorigenesis and the aggressive behavior of pancreatic cancer. Invasion is one of the primary features of pancreatic cancer, and failures in pancreatic cancer therapy are generally due to metastasis, because distant lesions are generally resistant to most chemotherapeutic agents. Metastasis is a complicated, sequential event and is a sign of malignant cancer. Metastasis-initiating cells that disseminate from invasive carcinomas disperse via the blood or lymphatic vessels. Circulating tumor cells that survive in the bloodstream subsequently migrate to target tissues. Infiltrated cells in the new microenvironment can survive chemoradiotherapy and initiate cancer regrowth, leading to cancer recurrence and metastasis (50) . These steps are supported by the complex interaction of cancer cells with the tumor stroma that involves multiple intercellular communications pathways (51, 52) .
Recently, there has been an increase in the number of studies demonstrating the important function exerted by exosomes in cancer initiation, progression and distant metastasis. For instance, exosomes have been verified to have the ability to transform normal cells into cancer cells in breast and prostate cancer (53, 54) . Exosomes promote cancer cell proliferation by delivering carcinogenic proteins, cell-cycle-associated mRNAs, specific miRNAs, cytokines and adhesion molecules to cancer cells (55) (56) (57) . They can deliver tumor suppressor miRNA, such as miR-200, to confer metastatic properties and promote breast cancer cell metastasis (58) . Cancer cell-derived exosomes can also activate the phosphoinositide 3-kinase (PI3K)/AKT serine/threonine kinase 1 (Akt) and mitogen-activated protein kinase (MAPK) pathways to facilitate the proliferation of gastric cancer cell lines (59) . However, a different result was obtained in pancreatic cancer cells, where exosome lipids led to cancer cell apoptosis via the repression of the Notch-1 survival signaling pathway (17) . Another study (18) in pancreatic cancer cell line, MiaPaCa-2, revealed that exosomal lipids could induce the activation of nuclear factor (NF)-kB, which facilitated the expression and release of SDF-1α. The binding of SDF-1α and its receptor CXCR4 activated the Akt signaling pathway, inhibiting cell death (18) . This finding suggested that exosomal lipids may be involved in pancreatic cancer development and drug resistance. Exosomes derived from pancreatic stellate cells contained abundant miR-21-5p and miR-451a. Exosome-mediated delivery of these components enhanced proliferation, migration and the specific gene expression of pancreatic cancer cells (60) .
Costa-Silva et al (8) demonstrated that pancreatic cancer-derived exosomes could lead to liver pre-metastatic niche initiation in mice and could gradually increase the cancer niche burden. Primary pancreatic cancer-derived exosomes alter the pre-metastatic liver microenvironment by initiating an inflammatory response, which results in the preferential implantation of pancreatic cancer cells in the liver. Kupffer cells selectively absorb the exosomes released by pancreatic cancer and can increase the secretion of transforming growth factor β (TGFβ). TGFβ activates hepatic stellate cells and then upregulates fibronectin production. The fibrotic microenvironment induces the accumulation of bone marrow-derived cells, such as neutrophils and macrophages. These cells bind primarily to fibronectin-associated hepatic sites, consequently facilitating the initiation of the liver pre-metastatic niche. Further study revealed that the macrophage migration inhibitory factor (MIF) was highly abundant in pancreatic cancer-derived exosomes, which orchestrated the liver metastasis (8) . Compared with subjects who had a bulky primary tumor, exosomal MIF was significantly upregulated in early stage pancreatic cancer patients who later developed distant liver metastasis. The identification of MIF pancreatic cancer-derived exosomes has opened novel avenues for the biological mechanisms of metastasis and might be a potential prognostic marker for the progression of pancreatic cancer metastasis.
An et al (61) and colleagues used proteomic analysis to quantify the protein level of serum exosomes from patients with locally advanced pancreatic cancer undergoing chemoradiotherapy. They isolated exosomes from the serum of 10 patients with locally advanced pancreatic cancer at serial time points over the course of therapy, and quantitative analysis was performed using the iTRAQ method. They detected approximately 700-800 exosomal proteins per sample, several of which have been implicated in metastasis and treatment resistance. They compared the exosomal proteome of patients at different time points during treatment to healthy controls and identified eight proteins that exhibited global treatment-specific changes. They then tested the effect of patient-derived exosomes on the migration of tumor cells and demonstrated that patient-derived exosomes, but not exosomes from healthy controls, induced cell migration, supporting their role in metastasis. Their data demonstrated that exosomes can be reliably extracted from patient serum and analyzed for protein content. The differential loading of exosomes during the course of therapy suggests that exosomes may provide novel insights into the development of treatment resistance and metastasis.
Exosome-mediated immunosuppression in pancreatic cancer.
Emerging evidence has demonstrated that communications between tumor and immune cells through exosomes have a dynamic and complex role in regulating tumor immunity, which is determined by specific proteins and genetic components (62) . During pancreatic cancer progression and distant metastasis, most cancer cells are suppressed by the immune response. Most patients with pancreatic cancer are in a condition of immune disorder or immunosuppression. Increasing studies point to the well-documented role of pancreatic cancer-derived exosomes in immunosuppression.
Representative literature suggests that pancreatic cancer-derived exosomes modulate the expression pattern of toll-like receptor 4 (TLR4) in dendritic cells (DCs) through miRNA-203. When absorbed by dendritic cells, these exosomes decreased TLR4 expression and the downstream associated cytokines, such as interleukin (IL)-12 and tumor necrosis factor (TNF)-α. Thus, exosomes attenuate DC-mediated tumor suppressive responses initiated by TLR4 (63) . Similarly, Ding et al (64) have demonstrated that pancreatic cancer-associated miRNAs could be delivered to DCs through exosomes and suppress target mRNA expression. Furthermore, pancreatic cancer-generated exosomes restrain regulatory factor X-associated protein expression by means of miR-212-3p, which could decrease the expression level of major histocompatibility complex (MHC) II and result in the immune tolerance of DCs. However, pancreatic cancer-derived exosomal miRNAs can inhibit the tumor suppressive function of DC/cytokine-induced killer cells (CIKs), and miRNA-depleted exosomes may increase the tumor suppressive activity of DC/CIKs. In summary, pancreatic cancer-derived exosomes regulate host immunosuppression via regulating the function, maturation and differentiation of DCs.
Macrophages exhibit dramatic plasticity and alter their physiological state based on environmental conditions, especially the cancer microenvironment (65) . A previous study has revealed that the content of pancreatic cancer-derived exosomes was altered by transfection with miR-155 and miR-125b2, inducing differential communication and remodeling the macrophage polarization to the M1 phenotype (66) . This alteration can cause an inhibitory effect on pancreatic cancer invasion and metastasis. Another study provides evidence that salivary exosomes from mice with pancreatic ductal adenocarcinoma exhibit a suppressive effect that results in reduced tumor-killing capacity by NK cells (67) . Salivary exosomes from mice with pancreatic ductal adenocarcinoma where pancreatic tumors were engineered to suppress exosome biogenesis failed to suppress NK cell cytotoxicity against tumor cells, as opposed to salivary exosomes from mice with pancreatic ductal adenocarcinoma with normal tumor exosome biogenesis (67) . According to these findings, immunotherapy aimed towards alterative manipulation of cancer cell-derived exosome components, such as miRNAs, may have therapeutic potential in treating pancreatic cancer.
Clinicopathological characteristics of pancreatic cancer associated with exosomes.
Weight loss and new-onset diabetes are characteristics of the paraneoplastic effect of pancreatic cancer, and these phenomena precede the diagnosis of the disease (68) . A previous study suggested that exosomal adrenomedullin serves a crucial role in the initiation of diabetes and lipolysis in adipocytes (69) . The biological mechanism of pancreatic cancer-associated diabetes is complicated. A potential mechanism has been revealed where pancreatic cancer-derived exosomal adrenomedullin, triggers endoplasmic reticulum stress and dysfunction of the unfolded protein response, resulting in β-cell disorder and apoptosis. Further experiments demonstrated that exosome-mediated transfer of adrenomedullin into β-cells was regulated through micropinocytosis and caveolin-dependent endocytosis (70) .
Adipose tissue lipolysis is partly responsible for weight loss, which is one of the alarming symptoms associated with pancreatic cancer. Exosomal adrenomedullin, a candidate mediator, promotes lipolysis in adipocytes by selectively targeting its receptor. This interaction induces the activation of the p38 and extracellular signal-regulated kinase (ERK)1/2 MAP kinase signaling pathways that can promote the phosphorylation of hormone-sensitive lipase, therefore facilitating lipolysis (69,71).
Exosomes regulate therapy resistance in pancreatic cancer
Up to 74% of patients with pancreatic cancer who receive adjuvant therapy with gemcitabine ultimately present with rapid tumor regression and treatment failure (72) . The elucidation of the detailed mechanisms that lead to chemotherapy resistance is of great importance for improving pancreatic cancer survival. Exosomes induce the progression of chemotherapy resistance in cancer cells via various mechanisms. Cancer-derived exosomes could deliver multiple drug resistance-related proteins and miRNAs to specific cells (30, 73) . Additionally, chemotherapy agents could also be encapsulated and secreted from the extracellular matrix by exosomes, and this mechanism partly accounts for chemotherapy resistance (51) .
Much of the focus on cancer therapy concentrates on inhibiting the abnormal proliferation of epithelial cells.
However, this approach has been proven ineffective, with resistance emerging in many types of cancer following adjuvant chemotherapy. Stromal interaction with cancer cells could affect the response to chemotherapy. A detailed hypothesis on the mechanism of resistance has focused on heterotypic interactions, where exosomes are delivered from cancer-associated fibroblasts (CAFs) to pancreatic cancer cells (74) . CAFs are inherently insensitive to gemcitabine. When exposed to gemcitabine, pancreatic fibroblasts dramatically increase the release of Snail and miR-146a via exosomes. Utilizing paracrine or potentially an unknown signaling mechanism, these exosomes can be taken up by recipient epithelial cells. During the process, the amount of miR-146a and Snail mRNA in epithelial cells is enhanced. As a result, CAF-derived exosomes facilitate proliferation and chemotherapy resistance. Notably, CAF exosome secretion inhibition could remarkably decrease cell survival, proliferation and drug resistance.
Inhibitors of apoptosis (IAPs) could facilitate cell death, but their expression pattern is decreased in various cancers. In pancreatic cancer, it was confirmed that IAPs are constitutively enhanced by NF-κB in tissues and cell lines (75) . This ectopic overexpression of IAPs is associated with cancer progression and chemotherapy resistance. It has been reported that exosomes contain protein and mRNA IAPs (76) . When exposed to chemotherapy, the amount of IAP protein or mRNA in the cytoplasm either remained unchanged or was moderately upregulated. Similarly, the expression pattern of IAPs in exosomes exhibited no significant alteration. This stability may partly account for why pancreatic cancer is resistant to chemotherapy (75).
Exosomal miRNAs and proteins for pancreatic cancer diagnosis
Strong efforts have focused on developing sensitive diagnostics tools improving early detection of pancreatic cancer via identifying pancreatic cancer-associated exosomal markers. The development of next generation sequencing, novel mass spectrometry techniques and new biochemical analyses have rendered the characterization of exosomes more convenient, which means that all exosomal contents have the potential to function as diagnostic biomarkers. Based on a comprehensive literature search, exosomal membrane proteins and miRNAs have provided promising insights into pancreatic cancer progression and tumor burden. Potential exosomal biomarkers for the early detection of pancreatic cancer are summarized in Table I. A recent study evaluated the expression patterns of four pancreatic cancer-associated miRNAs in circulating exosomes (77) . Compared with multiple controls, the expression profile of exosomal miR-21 and miR-17-5p was remarkably enhanced in pancreatic cancer patients, and this distinction could be utilized to discriminate between pancreatic cancer and non-malignant chronic pancreatitis (CP) patients. With the application of this innovative technique, label-free, nanoplasmonic-based short non-coding RNA sensing, a distinctly enhanced amount of exosomal miR-10b was observed in patients with pancreatic cancer compared with CP or normal controls (78,79). Madhavan et al (80) published a study based on the analysis of five pancreatic cancer-initiating cell markers (CD104, MET, EpCAM, Tspan8 and CD44v6) and four miRNAs (miR-4306, miR-3976, miR-4644 and miR-1246) in serum exosomes, and demonstrated that evaluation of pancreatic cancer-initiating cell markers and miRNA serum-exosome marker panels dramatically enhanced sensitivity (1.00, CI: 0.95-1) with a specificity of 0.80 (CI: 0.67-0.90) for pancreatic cancer vs. all others groups and of 0.93 (CI: 0.81-0.98) excluding non-pancreatic cancer. Concomitant evaluation of these factors distinguished patients with pancreatic cancer from normal controls, CP subjects and patients with benign pancreatic lesions, with 93% specificity, eliminating non-pancreatic neoplasms (80) .
Encouraging advances have been achieved in the search for specific and sensitive biomarkers that could facilitate the early diagnosis of pancreatic cancer. Melo et al (81) reported that glypican-1 (GPC1) expression patterns in exosomes secreted by pancreatic cancer could be utilized to identify subjects with pancreatic cancer early and offer considerable insights into the disease progress and tumor load. A comparison of exosomes from pancreatic cancer and control cell lines indicated that the exosomes from cancer exhibited enhanced levels of GPC1, which has been demonstrated to be upregulated in breast cancer and pancreatic cancer. In serum specimens from subjects with pancreatic cancer (n=190), a significantly larger amount of GPC1 + circulating exosomes was present compared with normal controls (n=100). Furthermore, GPC1 + exosomes were also confirmed to contain identical KRAS mutations, which frequently are present in pancreatic cancer and precancerous lesions and have been considered a fundamental mutation.
Notably, exosomes from patients with intraductal papillary mucinous neoplasm (IPMN; a precancerous lesion of pancreatic cancer) expressed dramatically higher levels of GPC1 than subjects with pancreatitis or cystic adenomas (81) . The identification of GPC1 + circulating exosomes had 100% specificity in differentiating IPMN from healthy individuals or benign pancreatic disease. When the efficiency of GPC1 + circulating exosomes was compared to carbohydrate antigen 19-9 (CA19-9) in differentiating benign from precancerous lesion and healthy subjects, GPC1
+ circulating exosomes was validated to be prominently superior. Tumor burden was associated positively with levels of GPC1 + circulating exosomes. In most subjects, the exosome levels reduced following the removal of the solid tumor. A decrease in levels of GPC1 + circulating exosomes was associated with the benefit of overall and disease-specific survival in these patients. Additionally, using a genetically engineered mouse that progressively developed into pancreatic cancer, the identification of GPC1+ exosomes exhibited positive results prior to pancreatic lesions being detectable. Another recent paper (11) has reported that integrin αvβ5-expressing pancreatic cancer exosomes can determine liver metastasis. Targeting integrin αvβ5 reduced exosome absorption by resident cells, and inhibited liver metastasis. The levels of integrin αvβ5 were dramatically enhanced in exosomes isolated from pancreatic cancer subjects with live metastasis compared with subjects with no distant metastasis. Further examination of the molecular mechanisms revealed that integrin αvβ5 uptake by targeted cells could lead to activating Src phosphorylation and upregulation of pro-inflammatory S100 gene. Collectively, these findings have indicated that GPC1 + and integrin αvβ5-expressing circulating exosomes have great potential as indicators of pancreatic cancer progression and organ-specific metastasis in patients.
A schematic of the roles that exosomes may have in pancreatic cancer metastasis and their potential for early detection is summarized in Fig. 2. 
Conclusion
Circulating exosomes have demonstrated potential as reliable candidates for the early diagnosis of pancreatic cancer, for use in screening high-risk individuals without clinical presentation of cancer, and for monitoring the course of the disease. Accumulating evidence has revealed that exosomes can indicate the clinical management of pancreatic cancer, improve overall survival and prevent organ-specific metastasis. Nevertheless, the clinical application of exosomes in the differential diagnosis of pancreatic cancer requires further research. More studies are needed to better elucidate the dynamic alteration of serous exosomes in the progression of pancreatic cancer, to evaluate the possibility of plasmatic exosomal biomarker panels for high-risk individuals in a large-scale cohort, and understand the cellular and molecular functions of exosomes in pancreatic cancer.
Future perspective
The prognosis of patients with pancreatic cancer has improved slowly during the past decade, and the low survival rate is due to multiple factors, but, perhaps the predominant determinant of survival is the advanced stage at which most subjects are diagnosed. The development of biomarkers to improve detection at early stages could apply to high-risk individuals, such as those with weight loss and new-onset diabetes. New-onset diabetes and concurrent weight loss have been demonstrated to occur a few months prior to the clinical manifestation of pancreatic cancer (68) . Multiple studies have demonstrated that new-onset diabetes of <3 years enhances the risk of pancreatic cancer diagnosis 5-7-fold, which is significantly higher than the effect of long-term diabetes, which only accounts for a 1.5-fold increase in risk within a course of >5 years (82, 83) . The discovery of novel exosome-associated biomarkers for paraneoplastic effects, such as weight loss and new-onset diabetes, will aid in the early diagnosis of pancreatic cancer and improve the quality of life of the patients with the disease. However, the exact sensitivity and specificity of these discovered biomarkers for disease prescreening in diagnosed individuals remains uncertain. For instance, the amount of GCP1 + circulating exosomes detectable in blood that may be needed to provide enough information for the diagnosis and prognosis of pancreatic cancer remains unknown. The paper published by Costa-Silva et al (8) elaborated on organotropic metastasis mechanisms and emphasized the vital role of exosomes in facilitating cancer metastasis. Furthermore, another recent study demonstrated that pancreatic cancer-derived exosomes could result in increasing liver metastatic load by delivering MIF + exosomes to Kupffer cells and attracting inflammatory cells to elicit the liver pre-metastatic niche formation (84) . More studies that further evaluate the association between levels of MIF + exosomes and the progression and diagnosis of the disease are needed. Finally, compared with subjects whose pancreatic cancer has not progressed, exosomal integrin αvβ5 Exosomes released by pancreatic cancer cells enter the vessels. Due to specific integrin complex expression, exosomes migrate preferentially to the liver. There, they are taken up by Kupffer cells (also known as stellate macrophages), which react by increasing TGF-β signaling. Subsequently, macrophage MIF is released from the exosomes, which results in the initiation of an immune-evasive response. This model supports the creation of a metastatic niche for pancreatic cancer cells mediated by exosomes, which is then followed by the establishment of liver metastases. CAFs, cancer-associated fibroblasts; TGF, transforming growth factor; MIF, migration inhibitory factor; ITG, integrin; GCP1, glypican-1.
was markedly upregulated in exosomes from patients who eventually developed distant liver metastasis. These findings indicated that exosomal integrin αvβ5 and MIF orchestrated organ-specific metastasis and might be reliable biomarkers for the diagnosis of pancreatic cancer and metastatic stage. Particularly, strategies targeting these molecular components could be utilized to prevent organotropic metastasis.
In conclusion, a better understanding of the molecular mechanisms that initiate pre-metastatic niche formation and an evaluation of their features and functions in cancer metastasis will provide novel insights for the early diagnosis and may lead to therapeutic regimens for the treatment of pancreatic cancer.
